The paper presents the results of an investigation on the diagnosis and assessment of a full-scale reinforced concrete floor utilizing a 3-D forensic model developed in the framework of plasticity-damage approach. Despite the advancement in nonlinear finite element formulations and models, there is a need to verify models on nontrivial challenging structures. Various standards on strengthening existing structures consider numerical diagnosis as a major stage involving safety and economical aspects. Accordingly, model validity is a major issue that should preferably be examined against realistic large-scale tests. This was done in this study by investigating a one-story joist floor with wide shallow beams supported on columns. The surveyed cracking patterns on the entire top side of the floor were reproduced by the forensic model to a reasonable degree in terms of orientation and general location. Concrete principal plastic tensile strain was shown to be a good indirect indicator of cracking patterns. However, identifying the underlying reasons of major cracks in the floor required correlating with other key field parameters including deflections, and internal moments. Therefore, the ability of the forensic model to reproduce the surveyed damage state of the floor provided a positive indication on the material models, spatial representation, and parameter selection. Such models can be used as forensic tools for assessing the existing conditions as required by various standards and codes. Keywords nonlinear finite element; reinforced concrete; forensic; cracking; numerical model; diagnosis; existing structures. can provide a better representation of salient concrete features [18, 26], which is among the 25 concrete models incorporated in ABAQUS .
constitutive modeling theories have been proposed, including: nonlinear elasticity, plasticity,
23
and damage mechanics, among others [14, 18, 26] . Coupled damage-plasticity formulation 24 can provide a better representation of salient concrete features [18, 26] , which is among the 25 concrete models incorporated in ABAQUS .
26
Numerical modeling of cracking in concrete usually involves either discrete or smeared 27 cracking approaches [9, 16, 28] . Discrete approach represents a crack as a geometrical disconti-28 nuity and can be treated in the framework of fracture mechanics concepts. The main drawback 29 is that one needs to know location of an expected crack and the direction along which it prop-30 agates [28] . On the contrary, smeared crack through damage mechanics offers the essential 31 advantage of predicting the location of this critical flaw. To circumvent mesh-sensitivity and 32 numerical divergence, an energy criterion can be employed instead of strength failure criterion.
33
In ABAQUS, fictitious crack model introduced by Hillerborg (1985) [21] can be employed to 34 alleviate the mesh-sensitivity. Whatever the chosen approach, numerical models need to be 35 validated not only on the basis of small members with trivial geometry but rather on the basis 36 of more challenging reinforced concrete structures [9] . 
SPATIAL AND MATERIAL ASSUMPTIONS OF THE FORENSIC MODEL

66
Numerical models developed to simulate structure behavior may differ based on the choices rebars are presented in Fig. 7 and Fig. 8 .
77
In this study, ABAQUS damage-plasticity model was chosen for modelling concrete be- where n is a coefficient taken as 2.
For uniaxial compression stress-strain curve, the following expression was adopted following 
Carreira, and Chu (1985)[13]:
Where the strain at maximum stress was defined by ε 0 = 0.001648
96
(1981) [10] ; and the modulus of elasticity for concrete, E c (MPa) was given by ACI-363 (1997)
The plastic part of the compression stress-strain curve is shown in 
FLOOR PHYSICAL CRACKING VERSUS CONCRETE TENSILE STRAINS
101
Generally speaking, concrete cracking is an elusive phenomenon of complicated nature in the 102 sense of the underlying causes, the significance, and the overall pattern. Cracks may indicate 
Areas around floor corner columns
124
The corner columns in this floor had some framing differences affected by the panels they are The floor side columns in this floor include C2, C4, C6, and C8 where the latter is framed into 138 a drop beam while the remaining three were framed into wide shallow beams. Two of these 139 areas are to be discussed next while the other two are to be covered in a subsequent section. Column C2 supports unequal spans (B1 and B2), along its major axis about y-axis. From 142 the floor layout, C2 had the potential also of carrying some moment about its minor x-axis.
143
The area around C2 within the beam width showed several cracks oriented primarily in the 144 y-direction as shown in Fig. 13 . From the forensic model, the overall PPTS intensity and 
Areas around the interior column
157
The state of cracking in the area around column C5 was influenced by high intensity of mul- be noted that the overall pattern of the local cracks around C5 resembled to some extent the state of cracking in a flat plate system on rectangular columns prior to punching shear failure,
164
comprising tangential and diagonal cracks.
165
Column rectangularity effect on punching shear was recognized by previous studies [8, 24] 166 where the critical shear strength was found to decrease as the aspect ratio increases, such as:
where C s is the short side of the column and C l is the longer side and f PPTS mirrored the areas that were subjected to physical cracks on the actual floor.
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DESIGN CONSIDERATIONS: CORRELATION OF INTERNAL MOMENTS WITH
179
CRACKING
180
The complexity of internal moment distribution in concrete slabs has been well recognized; 
191
Using vector notations,
Where → r n is the position vector from the center of the section to a given node, n.
where x 0 , y 0 , and z 0 are the coordinates for the section centroids; x n , y n , and z n are the 194 coordinates for a given node n. similarly, the nodal forces at node n may be written as:
The moments about x and y axes may be obtained by implementing the cross product of
196
Eq. (6): 
The moment diagrams about y-axis and x-axis over the interior shallow wide member beam Thus, in addition to diagnosis of the existing floor conditions, the information revealed 217 about the internal distribution of moments indicated that the common simplified procedure 218 for one-way joist floor system which assumes a uniform intensity of (M x ) was unrealistic and For the panel bounded by columns C1, C2, C4, and C5, the portion of the joist panel 
